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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] The present invention relates to a non-aqueous electrolyte additive for improving safety and a lithium ion
secondary battery comprising the same, and more particularly to a non-aqueous electrolyte additive that can improve
cycle life and safety properties of a lithium ion secondary battery.

(b) Description of the Related Art

[0002] In concert with the development of the information electronics industry, studies regarding batteries, which are
referred to as the heart of all electronic equipment, are actively in progress. Specifically, a lithium ion secondary battery
with a light weight and a high capacity has attracted attention as one of the essential parts of electronic equipment with
the miniaturization of high-technology electronics equipment.

[0003] The lithium ion secondary battery uses a transition metal complex oxide such as lithium, cobalt, etc. as a
cathode active material; a crystallized carbon such as graphite as an anode active material; and an aprotic organic
solvent in which lithium salts such as LiCIO,, LiPFg, etc. are dissolved as an electrolyte. Such a battery has high
performance and a light weight, rendering it suitable as a battery for miniature electronic equipment such as cellular
phones, camcorders, notebook computers, etc. However, this battery has many safety problems since it does not use
an aqueous electrolyte butinstead uses a highly flammable organic solvent as an electrolyte. Safety is the mostimportant
aspect of a lithium ion secondary battery using a non-aqueous electrolyte, and specifically, preventing short circuits and
overcharging problems are very important factors thereof.

[0004] From JP. 11-162508 are known an electrolyte comprising at least one salt of an organofluorosilicon compound
and its production method. The electrolyte is used in a secondary battery.

SUMMARY OF THE INVENTION

[0005] The presentinvention is made in consideration of the problems of the prior art, and it is an object of the present
invention to provide a non-aqueous electrolyte additive that can achieve superior safety even under dangerous circum-
stances caused by misoperation or misuse of the battery, Including a large current discharge due to an overcharge or
a short circuit in a 4V grade lithium and lithium secondary battery charged with a large current and a high energy density.
[0006] It is another object of the present invention to provide a lithium ion secondary battery comprising the non-
aqueous electrolyte additive.

[0007] In orderto achieve these objects, the present invention provides a non-aqueous electrolyte additive comprising
an organometallic compound represented by the following Chemical Formula 1:

[Chemical Formula 1] M(R")(R?)y.y-(OH),

wherein R and R2, which are coordinated with the central metal atom, are independently or simultaneously an alkyl
group, an alkoxy group, a phenyl group or a halogen-substituted phenyl group;

M is an atom selected from the group consisting of Al, B, Ti, Nb, V, Cr, Mn, Fe, CO, Cu, Zn, Ni, Sn, GA, Gd, Zr, and Ta;
X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z s a value satisfying 0 <z < x.

[0008] The present invention provides another non-aqueous electrolyte additive comprising an organometallic com-
pound represented by the following Chemical Formula 1b:

[Chemical Formula 1b] Si(R"),(R?),.y,(OH),

wherein R' is a phenyl group or a halogen-substituted phenyl group coordinated with a central Si atom, and R2 is
an alkoxy group coordinated with a central Si atom;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 <z < x. ]
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[0009] The present invention also provides a lithium ion secondary battery comprising:
a) an anode capable of adsorbing and releasing lithium;
b) a cathode capable of adsorbing and releasing lithium; and
c) a non-aqueous electrolyte comprising an organometallic compound represented by the above Chemical Formula

1 or 1b.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 shows a structure of the lithium ion secondary battery of the present invention.
Fig. 2 shows changes in temperature and voltage of the batteries of Example 1 of the present invention and the
Comparative Example, according to overcharge time.

DETAILED DESCRIPTION AND THE PREFERRED EMBODIMENTS

[0011] The present invention will now be explained in detail.

[0012] The present invention provides an organometallic compound such as a metal alkoxide represented by the
above Chemical Formula 1 or 1b wherein some of the alkoxy coordinators around the central atom are substituted by
a benzene-based compound, preferably a phenyl group, and hydroxy group, as a non-aqueous additive for a non-
aqueous electrolyte in which a lithium salt is dissolved, for Improving safety of a lithium ion secondary battery. In addition,
the present invention provides a lithium ion secondary battery that uses lithium or carbon capable of adsorbing and
releasing lithium as an anode, a specific complex oxide of lithium and a transition metal as a cathode, and an organo-
metallic compound represented by the Chemical Formula 1 or 1b as a non-aqueous electrolyte. According to the present
invention, a large current discharge due to a short circuit or overcharge caused by battery misoperation or misuse can
be prevented by a chemical reaction of additives included in a non-aqueous electrolyte, and thus safety of a battery can
be improved.

[0013] The organometallic compound represented by the Chemical Formula 1 or 1b does not function in a battery
operated within the normal voltage range, and a part of the metal alkoxide coordinators absorbs or removes moisture
from an electrode or non-aqueous electrolyte, thereby improving the cycle life properties of the battery.

[0014] On the other hand, if the voltage abnormally increases by being overcharged, etc., additives of the non-aqueous
electrolyte of the lithium ion secondary battery that decompose at the surface of the cathode under a completely charged
state produce decomposition by-products (preferably benzene-based compounds) that form radicals that polymerize
and thereby form an insulating film on a cathode surface. In addition, a metallic inorganic substance of the residue is
activated to improve thermal stability of an insulating film formed on the cathode surface. Moreover, at a large current
discharge, coordinators hydrated by hydrolysis with moisture are converted into hydroxy functional groups and react
with lithium rushed from the anode to form an insulating film on the cathode surface, thereby giving safety to the battery.
[0015] Specifically, in the Chemical Formula 1 or 1b when R' is a phenyl group, y is the number of substituted alkoxy
groups coordinated with metal in a metal alkoxide compound. As the value y increases, the amount of the benzene-
based compound (preferably a phenyl group) increases and thus polymer insulating film formation becomes predominant.
Meanwhile, as the value z increases, during a large current discharge due to a short circuit, a hydrated organometallic
compound reacts with lithium rushed from an anode to the cathode due to its high reactivity, to form an insulating film
on the cathode surface, thereby improving safety of the battery.

[0016] As explained, in the organometallic compound represented by the Chemical Formula 1 or 1b if a battery is
overcharged by a chemical reaction of additives contained in a non-aqueous electrolyte, a benzene-based compound
and an attached metal compound are separated from the metallic compound and polymerized to form an insulating
polymer film that blocks current, and a metal reacts with a polymer insulating film formed on a cathode surface to improve
thermal stability of an insulating film, thereby further improving safety of the battery.

[0017] More specifically, the organometallic compound represented by the Chemical Formula 1 or 1b is a metallic
compound having a chemically stable benzene compound, hydrolysable alkoxide functional groups, and a hydrolyzed
hydroxy group. The compound does not function within a normal operation range, and an alkoxy functional group
coordinating metal causes hydrolysis with moisture in an electrode or non-aqueous electrolyte and hydrates to remove
moisture from a battery by an alcohol-releasing reaction, thereby removing negative influences of moisture on cycle life
properties of the battery. Furthermore, since the compound has a large volume when dissolved in an electrolyte, if a
rapid current flows in a large current discharge, the compound decreases the diffusion rate of lithium and contributes to
battery safety. If a battery is overcharged to out of the normal operation voltage range, the benzene compound in the
organometallic compound react to form a polymer insulating film on a cathode surface and improves thermal stability of
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a polymer layer to further restrain potential ignition of the battery due to the exothermic reaction of the overcharge.
[0018] Theorganometalliccompound represented by the Chemical Formula 1 is preferably represented by the following
Chemical Formula 1 a, which has a metal atom in the center, and a phenyl group R, an alkoxy group R2, and a hydroxy
group around the metal.

[Chemical Formula 1a] M(R1)y(OR) ,(OH),

X-y-

wherein

R' is a phenyl group or a halogen-substituted phenyl group coordinated with a central metal atom; .

R2 is an alkyl group, coordinated with a central metal atom;

M is an atom selected from the group consisting of Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr, and Ta;
X is a valence of the central metal atom;

y is a value satisfying 0 < y< x; and

z is a value satisfying 0 < z < x.

[0019] An alkoxy group, although reactivity varies according to carbon number, is stable in an organic solvent, and it
hydrolyzes with water molecules to release an alcohol. Accordingly, it can remove moisture from a battery to improve
cycle life properties of the battery. The reactivity of the compound differs according to its central atom. A metal atom
that is hydrated by reaction with water can easily react with activated lithium to form an insulator of a glass configuration.
Metal alkoxide comprising the benzene-based compound is decomposed during overcharge to provide a benzene-based
compound and an activated metal alkoxide, thereby improving thermal stability of each polymer insulating film. In addition,
hydrated metal alkoxide reacts with lithium deposited in an anode during overcharge to remove activity of lithium and
form a ceramic insulating film, thereby providing effective methods for achieving battery safety.

[0020] According to the present invention, a non-aqueous electrolyte lithium ion secondary battery comprising the
compound represented by the Chemical Formula 1 or 1b as a non-aqueous electrolyte additive is prepared.

[0021] The non-aqueous electrolyte lithium secondary battery of the present invention comprises an anode capable
of adsorbing and releasing lithium, a cathode capable of adsorbing and releasing lithium, and a non-aqueous electrolyte
comprising a metal alkoxide compound represented by the Chemical Formula 1 or 1b. The anode and cathode capable
of adsorbing and releasing lithium are prepared by a common method, and a non-aqueous electrolyte comprising the
metal alkoxide compound is injected therein to prepare a secondary battery.

[0022] The active material for the anode capable of adsorbing and releasing lithium is preferably a carbon-based
material selected from the group consisting of graphite, carbon fiber, and active carbon. The anode further comprises
a binder, preferably polyvinylidene fluoride (PVDF).

[0023] As the active material for the cathode, a lithium transition metal complex oxide represented by the following
Chemical Formula 2 can be used.

[Chemical Formula 2] Li,MO,

wherein M is Ni, Co, or Mn; and x is a value satisfying 0.05 < x <1.10.

[0024] The compound represented by the Chemical Formula 1 or 1b used as a non-aqueous electrolyte additive in
the present invention is present at 0.01 to 20 wt% of the electrolyte. As the non-aqueous electrolyte additive, an aprotic
organic solvent wherein lithium salts such as LiClO,, LiPFg, LiBF,, etc. are dissolved is used.

[0025] The preferable Example of fabrication of the non-aqueous electrolyte lithium ion secondary battery of the present
invention is as shown in Fig. 1.

[0026] As shown in Fig. 1, the lithium secondary battery of the present invention comprises an anode 1 formed of an
anode current collector 10 on which anode active material is coated, and a cathode 2 formed of a cathode current
collector 11 on which cathode active material is coated. The anode and the cathode are rolled together in a jelly roll
configuration with a separator 3 therebetween, an insulator 4 is located at upper and lower sides of the anode and
cathode roll, and a can 5 receives it. A battery cover 7, enclosed with a gasket 6, seals the battery can 5. The battery
cover 7 is electrically connected to the cathode 2 through a cathode lead 13, and the can 5 is electrically connected to
the anode 1 through an anode lead 12. For the battery of the present invention, the cathode lead 13 is welded to a
pressure-release valve 8 in which a protuberance selectively seals a pressure-release vent, and thus the cathode lead
electrically connects with the battery cover 7 through the pressure-release valve 8. In a battery with this construction,
when pressure inside the battery increases, the protuberance of the pressure-release valve 8 is forced from the vent,
and inner pressure is released through the vent.

[0027] The present invention will be explained in more detail with reference to the following Examples and the Com-
parative Example. However, these are to illustrate the present invention and the present invention is not limited to them.
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[Example 1]
[0028] A non-aqueous electrolyte lithium ion secondary battery was prepared as follows:

Preparation of an anode

[0029] After mixing carbon powder and polyvinylidene fluoride (PVDF) as a binder in a weight ratio of 90 : 10, the
mixture was dispersed in N-methyl-pyrrolidone (NMP) as a solvent to prepare an anode mixture slurry. The anode mixture
slurry was uniformly coated on both sides of an anode current collector Cu foil at a thickness of 10 um and dried, and
then was compression molded with a roll press to prepare an anode of a band shape.

Preparation of a cathode

[0030] Lithium carbonate and cobalt carbonate were mixed in a mole ratio of 1 : 1 and calcined at 900 °C for 7 hours
to obtain LiCoO,. 92 wt% of the lithium cobalt complex oxide, 4 wt% of carbon as a conductor, and 4 wt% of PVDF as
a binder were added to a solvent NMP to prepare a cathode mixture slurry. The cathode mixture slurry was coated on
a cathode current collector Al thin film at a thickness of 20 um and dried, and then was compression molded with a roll
press to prepare a cathode of a band shape.

[0031] Porous polyethylene film was used as a separator, and the band-shaped anode and the band-shaped cathode
were laminated and rolled together in a jelly roll configuration. The length and width of the anode and cathode roll were
controlled so as to be appropriately received into a battery can with an outer diameter of 18 mm and a height of 65 mm.
The anode and cathode roll was deposited in the battery can with insulating plates disposed above and below it. Then,
an anode lead formed of nickel was attached to the anode current collector and welded to the battery can, and a cathode
lead formed of aluminum that was connected to the cathode current collector was welded to an aluminum pressure-
relief valve mounted at the battery cover.

[0032] The non-aqueous electrolyte of the present invention was then injected into the fabricated battery. A solvent
for the non-aqueous electrolyte was a mixed solvent of EC and EMC at a ratio of 1 : 2. LiPF5 was used as an electrolyte,
and diphenyl disilanediol was added at 2 wt% of the electrolyte to prepare a non-aqueous electrolyte.

[0033] The fabricated battery was charged to 4.2 V with a constant current of 0.4 mA/cm?2. Standard capacity of a non-
aqueous electrolyte secondary battery is 100 mAh and charge/discharge cycles were performed at a rate of 1 C (1000
mA/h) with a constant current of from 4.2 Vto 3 V.

[Examples 2 to 9]

[0034] A non-aqueous electrolyte secondary battery was fabricated by the same method as in Example 1, except that
compounds shown in Table 1 were used as additives instead of diphenyl disilanediol.

[Comparative Example]

[0035] A secondary battery was fabricated by the same method as in Example 1, except that no additive was added
to the non-aqueous electrolyte.

[Experiment 1]

[0036] The batteries fabricated in Examples 1 to 9 and the Comparative Example were charged and pins were passed
through them to perform pin tests, and the results are as shown in Table 1.

[Table 1]
Additive Whether or notexploded as aresult of pintest
Example 1 Phenyl boronic acid No explosion
Example 2 Triphenyl tin hydroxide No explosion
Example 3 Diphenyl tin hydroxide No explosion
Example 4 Phenyl boronic diol No explosion
Example 5 Phenyl 2-methoxy silanol No explosion
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(continued)
Additive Whether or notexploded as aresult of pintest
Example 6 2-phenyl methoxy silanol No explosion
Example 7 2-phenyl silanediol No explosion
Example 8 2-phenyl 2-ethoxy silanol No explosion
Example 9 Triphenyl silanol No explosion
Comparative Example None Explosion

[0037] Asshown in Table 1, the batteries of Examples 1 to 9 comprising non-aqueous electrolytes to which additives
were added did not ignite or explode after having pins passed through them and being short circuited, even after charging.
This is because in the additive-added non-aqueous electrolyte, at a large current discharge due to a short circuit, a
speed of lithium rushed from an anode is controlled or lithium rushed from an anode reacts with lithium rushed from a
cathode surface to form an insulating film on the surface.

[Experiment 2]

[0038] The cycle life properties and maximum temperature after blocking current by overcharge of the batteries fab-
ricated in Examples 1 to 9 and the Comparative Example are shown in Table 2.

[Table 2]
Cycle life property (%) Overcharge Test
Capacity fraction (capacity after 100 cycles/ Maximum temperature of battery after
initial capacity) blocking current (°C)
Example 1 85 102
Example 2 94 114
Example 3 92 112
Example 4 87 105
Example 5 96 116
Example 6 95 114
Example 7 96 112
Example 8 97 113
Example 9 94 112
Comparative Example 95 Thermal influx

[0039] As can be seen from Table 2, adding a compound represented by the Chemical Formula 1 or 1b as an additive,
although slight variations occur according to the kinds of compounds, generally improves cycle life properties. Regarding
maximum temperature after blocking current by overcharge, the battery of the Comparative Example comprising an
electrolyte without an additive exploded by thermal influx, but those of Examples 1 to 9 with additives were prevented
from ignition by thermal influx. It is considered that, at overcharge, the additive forms a polymer insulating film on the
cathode surface to block the overcharge current or reduce the activity of lithium that causes battery ignition.

[0040] Fig. 2 shows change in temperature and voltage of batteries of Example 1 and Comparative Example according
to overcharge time. As shown in Fig. 2, the battery of Example 1 did not exhibit heat congestion contrary to that of the
Comparative Example without an additive, and its temperature decreased after a specific time elapsed.

[0041] As explained, according to the present invention, a metal alkoxide compound represented by the Chemical
Formula 1 or 1b is added to a non-aqueous electrolyte of a battery as an additive, and thus, if a battery voltage is out
of normal operation voltage range due to a short circuit and overcharge of the battery, an additive decomposes and a
part of the decomposed additive forms an insulating film on a cathode surface, and metal reacts with the insulating film
formed on the cathode surface to improve thermal stability of the battery, thereby improving safety of the battery.
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Claims

1. A non-aqueous electrolyte additive comprising an organometallic compound represented by the following Chemical
Formula 1:

[Chemical Formula 1] M(R")(R?),.y-(OH),

X-Y-.
wherein R! and R2, which are coordinated with a central metal atom, are independently or simultaneously an
alkyl group, an alkoxy group, a phenyl group, or a halogen-substituted phenyl group;

M is an atom selected from the group consisting of Al, B, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr, and Ta;
X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

2. The non-aqueous electrolyte additive according to Claim 1, wherein the organometallic compound represented by
the Chemical Formula 1 is a compound represented by the following Chemical Formula 1 a:

[Chemical Formula 1a] M(R1)y(OR)X_y_Z(OH)Z

wherein R is a phenyl group or a halogen-substituted phenyl group coordinated with a central metal atom;

R is an alkyl group coordinated with a central metal atom;

M is an atom selected from the group consisting of Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr,
and Ta;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

3. A non-aqueous electrolyte lithium ion secondary battery comprising:

a) an anode capable of adsorbing and releasing lithium;

b) a cathode capable of adsorbing and releasing lithium; and

c) a non-aqueous electrolyte comprising an organometallic compound represented by the following Chemical
Formula 1:

[Chemical Formula 1] M(RT)y(R?.,,(OH),

wherein R and R2, which are coordinated with a central metal atom, are independently or simultaneously
an alkyl group, an alkoxy group, a phenyl group, or a halogen-substituted phenyl group;

M is an atom selected from the group consisting of Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd,
Zr, and Ta;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

4. The lithium ion secondary battery according to Claim 3, wherein the a) anode comprises carbon material selected
from a group consisting of graphite, carbon fiber, and active carbon as active material.

5. The lithium ion secondary battery according to Claim 3, wherein the b) cathode comprises a lithium transition metal
complex oxide represented by the following Chemical Formula 2 as active material:

[Chemical Formula 2] Li,MO,
wherein M is Ni, Co, or Mn; and x is a value satisfying 0.05 < 25; 1.10.

6. The lithium ion secondary battery according to Claim 3, wherein the c) organometallic compound is a compound
represented by the following Chemical Formula 1 a:
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[Chemical Formula 1a] M(R1)y(OR)X_y_Z(OH)Z

wherein R is a phenyl group or a halogen-substituted phenyl group coordinated with a central metal atom;

R is an alkyl group coordinated with a central metal atom;

M is an atom selected from the group consisting of Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr,
and Ta;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

The lithium ion secondary battery according to Claim 3, wherein the ¢) organometallic compound is contained in an
amount of 0.01 to 20 wt% of electrolyte.

A non-aqueous electrolyte additive comprising an organometallic compound represented by the following Chemical
Formula 1b:

[Chemical Formula 1b] Si(R")(Ry)xy-2(OH),

X-Y-.
wherein R is a phenyl group, or a halogen-substituted phenyl group coordinated with a cental Si atom and R2is,
an alkoxy group, coordinated with a central Si atom;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

A non-aqueous electrolyte lithium ion secondary battery comprising:

a) an anode capable of adsorbing and releasing lithium;

b) a cathode capable of adsorbing and releasing lithium; and

€) a non-aqueous electrolyte comprising an organometallic compound represented by the following Chemical
Formula 1 b:

[Chemical Formula 1b] Si(R"),(R?),.,-(OH),

wherein R1is a phenyl group, or a halogen-substituted phenyl group coordinated with a cental Si atom and
R2 is, an alkoxy group, a coordinated with a central_Si atom;

X is a valence of a central metal atom;

y is a value satisfying 0 <y < x; and

z is a value satisfying 0 < z < x.

The lithium ion secondary battery according to Claim 9, wherein the a) anode comprises carbon material selected
from a group consisting of graphite, carbon fiber, and active carbon as active material.

The lithium ion secondary battery according to Claim 9, wherein the b) cathode comprises a lithium transition metal
complex oxide represented by the following Chemical Formula 2 as active material:

[Chemical Formula 2] Li,MO,
wherein M is Ni, Co, or Mn; and x is a value satisfying 0.05 < x < 1.10.

The lithium ion secondary battery according to Claim 9, wherein the ¢) organometallic compound is contained in an
amount of 0.01 to 20 wt% of electrolyte.
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Patentanspriiche

1. Additiv fur nichtwassrige Elektrolyte, umfassend eine metallorganische Verbindung, die durch die folgende Chemi-
sche Formel 1 reprasentiert wird:

[Chemische Formel 1] M(R),(R?)y.y,(OH),

X-y-z
worin RTund R2, die mit einem zentralen Metallatom koordiniert sind, unabhéngig voneinander oder gleichzeitig
eine Alkylgruppe, eine Alkoxygruppe, eine Phenylgruppe oder eine halogensubstituierte Phenylgruppe sind;
M ist ein Atom, das aus der aus Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr und Ta bestehenden
Gruppe ausgewahlt ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genlgt.

2. Additiv fur nichtwassrige Elektrolyte nach Anspruch 1, wobei die durch die Chemische Formel 1 reprasentierte
metallorganische Verbindung eine Verbindung ist, die durch die folgende Chemische Formel 1a reprasentiert wird:

[Chemische Formel 1a] M(R1)y(OH)X_y_Z(OH)Z

worin R eine Phenylgruppe oder eine halogensubstituierte Phenylgruppe ist, die mit einem zentralen Metallatom
koordiniert ist;

R ist eine mit einem zentralen Metallatom koordinierte Alkylgruppe;

M ist ein Atom, das aus der aus Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr und Ta bestehenden
Gruppe ausgewahlt ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genlgt.

3. Lithium-lonen-Sekundarbatterie mit einem nichtwassrigen Elektrolyten, die Folgendes umfasst:

a) eine Anode, die Lithium adsorbieren und freisetzen kann;

b) eine Kathode, die Lithium adsorbieren und freisetzen kann; und

c) einen nichtwassrigen Elektrolyten, der eine metallorganische Verbindung umfasst, die durch die folgende
Chemische Formel 1 reprasentiert wird;

[Chemische Formel 1] M(R"),(R?)y.y-(OH),

worin R1 und R2, die mit einem zentralen Metallatom koordiniert sind, unabhéngig voneinander oder gleich-
zeitig eine Alkylgruppe, eine Alkoxygruppe, eine Phenylgruppe oder eine halogensubstituierte Phenylgrup-
pe sind;

M ist ein Atom, das aus der aus Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr und Ta
bestehenden Gruppe ausgewahlt ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genlgt.

4. Lithium-lonen-Sekundarbatterie nach Anspruch 3, wobei die a) Anode Kohlenstoffmaterial umfasst, das aus einer
aus Graphit, Kohlefaser und aktivem Kohlenstoff als aktives Material bestehenden Gruppe ausgewahlt ist.

5. Lithium-lonen-Sekundarbatterie nach Anspruch 3, wobei die b) Kathode ein durch die folgende Formel 2 reprasen-
tiertes komplexes Lithiumiibergangsmetalloxid als aktives Material umfasst:

[Chemische Formel 2] Li,MO,

worin M fir Ni, Co oder Mn steht; und x ein Wert ist, der 0,05 < 1,10 genlgt.
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Lithium-lonen-Sekundarbatterie nach Anspruch 3, wobei die c) metallorganische Verbindung eine Verbindung ist,
die durch die folgende Chemische Formel 1a reprasentiert wird:

[Chemische Formel 1a] M(R1)y(OH)X_y_Z(OH)Z

worin R eine Phenylgruppe oder eine halogensubstituierte Phenylgruppe ist, die mit einem zentralen Metallatom
koordiniert ist;

R ist eine mit einem zentralen Metallatom koordinierte Alkylgruppe;

M ist ein Atom, das aus der aus Al, B, Ti, Nb, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zr und Ta bestehenden
Gruppe ausgewahlt ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genlgt.

Lithium-lonen-Sekundarbatterie nach Anspruch 3, wobei die c) metallorganische Verbindung in einer Menge von
0,01 bis 20 Gew.-% des Elektrolyten enthalten ist.

Additiv fur nichtwassrige Elektrolyte, das eine durch die folgende Chemische Formel 1 b reprasentierte metallorga-
nische Verbindung umfasst:

[Chemische Formel 1b] Si(R),(R?),.,,(OH),

worin R eine Phenylgruppe oder eine halogensubstituierte Phenylgruppe ist, die mit einem zentralen Si-Atom
koordiniert ist, und R2 eine Alkoxygruppe ist, die mit einem zentralen Si-Atom koordiniert ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genlgt.

Lithium-lonen-Sekundarbatterie mit einem nichtwassrigen Elektrolyten, die Folgendes umfasst:

a) eine Anode, die Lithium adsorbieren und freisetzen kann;

b) eine Kathode, die Lithium adsorbieren und freisetzen kann; und
c) einen nichtwassrigen Elektrolyten, der eine metallorganische Verbindung umfasst, die durch die folgende
Chemische Formel 1 b reprasentiert wird;

OH)

z

[Chemische Formel 1b] Si(R"),(R?)

X-y-z

worin R eine Phenylgruppe oder eine halogensubstituierte Phenylgruppe ist, die mit einem zentralen Si-
Atom koordiniert ist, und R2 eine Alkoxygruppe ist, die mit einem zentralen Si-Atom koordiniert ist;

x ist eine Valenz eines zentralen Metallatoms;

y ist ein Wert, der 0 <y < x genugt; und

z ist ein Wert, der 0 < z < x genugt.

Lithium-lonen-Sekundarbatterie nach Anspruch 9, wobei die a) Anode Kohlenstoffmaterial umfasst, das aus einer
aus Graphit, Kohlefaser und aktivem Kohlenstoff als aktives Material bestehenden Gruppe ausgewahlt ist.

Lithium-lonen-Sekundarbatterie nach Anspruch 9, wobei die b) Kathode ein durch die folgende Chemische Formel
2 reprasentiertes komplexes Lithiumiibergangsmetalloxid als aktives Material umfasst:

[Chemische Formel 2] Li,MO,
worin M fir Ni, Co oder Mn steht; und x ein Wert ist, der 0,05 < x < 1,10 genugt.

Lithium-lonen-Sekundarbatterie nach Anspruch 9, wobei die c) metallorganische Verbindung in einer Menge von
0,01 bis 20 Gew.-% des Elektrolyten enthalten ist.

10
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Revendications

1. Additif pour électrolyte non-aqueux, comprenant un composeé organo-métallique représenté par la formule chimique
1 suivante :

Formule chimique 1 : M(R")y(R?),.,.,(OH),

X-y-
dans laquelle

- R et R2 représentent chacun, indépendamment ou simultanément, un groupe alkyle, un groupe alcoxy, un
groupe phényle, ou un groupe phényle a substituant(s) halogéno, ces groupes étant coordinés a I'atome de
meétal central ;

- M représente un atome d’un élément choisi dans 'ensemble formé par les suivants : Al, B, Ti, Nb, V, Cr, Mn,
Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zret Ta ;

- I'indice x est le nombre de valence de I'atome de métal central ;

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x;

- et I'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

2. Additif pour électrolyte non-aqueux, conforme a la revendication 1, dans lequel le composé organo-métallique
représenté par la formule chimique 1 est un composé représenté par la formule chimique 1a suivante :

Formule chimique 1a: M(R1)y(OR)X_y_Z(OH)Z
dans laquelle

-R'représente un groupe phényle, ou un groupe phényle a substituant(s) halogéno, ces groupes étant coordinés
a l'atome de métal central ;

- R représente un groupe alkyle, qui est coordiné a I'atome de métal central ;

- M représente un atome d’'un élément choisi dans 'ensemble formé par les suivants : Al, B, Ti, Nb, V, Cr, Mn,
Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zret Ta;

- I'indice x est le nombre de valence de I'atome de métal central ;

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x;

- et I'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

3. Pile secondaire de type lithium-ion a électrolyte non-aqueux, comprenant :

a) une anode capable d’adsorber du lithium et de le libérer ;

b) une cathode capable d’adsorber du lithium et de le libérer ;

c) et un électrolyte non-aqueux, comprenant un composé organo-métallique représenté par la formule chimique
1 suivante :

Formule chimique 1 : M(R")y(R?)y.y,(OH),

X-y-
dans laquelle

- R! et R2 représentent chacun, indépendamment ou simultanément, un groupe alkyle, un groupe alcoxy,
un groupe phényle, ou un groupe phényle a substituant(s) halogéno, ces groupes étant coordinés a I'atome
de métal central ;

- M représente un atome d’un élément choisi dans I'ensemble formé par les suivants : Al, B, Ti, Nb, V, Cr,
Mn, Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zret Ta ;

- I'indice x est le nombre de valence de I'atome de métal central ;

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x ;

- et 'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

4. Pile secondaire de type lithium-ion, conforme a la revendication 3, dans laquelle 'anode (a) comprend, en tant que

matiére active, un matériau carboné choisi dans I'ensemble formé par du graphite, des fibres de carbone et du
charbon actif.

1"
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Pile secondaire de type lithium-ion, conforme a la revendication 3, dans laquelle la cathode (b) comprend, en tant
que matiére active, un oxyde complexe de lithium et de métal de transition, représenté par la formule chimique 2
suivante :

Formule chimique 2 : Li,MO,
dans laquelle

- M représente I'élément Ni, Co ou Mn ;
- et I'indice x est un nombre satisfaisant l'inégalité 0,05 < x < 1,10.

Pile secondaire de type lithium-ion, conforme a la revendication 3, dans laquelle le composé organo-métallique
indiqué en (c) est un composé représenté par la formule chimique 1a suivante :

Formule chimique la : M(R1)y(OR)X_y_Z(OH)Z
dans laquelle

- R' représente un groupe phényle, ou un groupe phényle a substituant(s) halogéno, ce groupe étant coordiné
a l'atome de métal central ;

- R représente un groupe alkyle, qui est coordiné a I'atome de métal central ;

- M représente un atome d’'un élément choisi dans 'ensemble formé par les suivants : Al, B, Ti, Nb, V, Cr, Mn,
Fe, Co, Cu, Zn, Ni, Sn, Ga, Gd, Zret Ta;

- I'indice x est le nombre de valence de I'atome de métal central ;

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x;

- et I'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

Pile secondaire de type lithium-ion, conforme a la revendication 3, dans laquelle le composé organo-métallique
indiqué en (c) est contenu en une quantité qui représente de 0,01 a 20 % du poids de I'électrolyte.

Additif pour électrolyte non-aqueux, comprenant un composé organo-métallique représenté par la formule chimique
1b suivante :

Formule chimique 1b : Si(R")y(R?)y.,.,(OH),

X-y-
dans laquelle

- R représente un groupe phényle, ou un groupe phényle a substituant(s) halogéno, ce groupe étant coordiné
a l'atome central de silicium, et R2 représente un groupe alcoxy, qui est coordiné a 'atome central de silicium ;
- I'indice x est le nombre de valence de I'atome de métal central ;

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x;

- et I'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

Pile secondaire de type lithium-ion a électrolyte non-aqueux, comprenant :
a) une anode capable d’adsorber du lithium et de le libérer ;
b) une cathode capable d’adsorber du lithium et de le libérer ;
c) et un électrolyte non-aqueux, comprenant un composé organo-métallique représenté par la formule chimique
1b suivante :
Formule chimique 1b : Si(R")y(R?).yo(OH),
dans laquelle
- R représente un groupe phényle, ou un groupe phényle a substituant(s) halogéno, ce groupe étant
coordiné & I'atome central de silicium, et R2 représente un groupe alcoxy, qui est coordiné a I'atome central

de silicium ;
- I'indice x est le nombre de valence de I'atome de métal central ;

12



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

EP 1 393 401 B1

- l'indice y est un nombre satisfaisant I'inégalité 0 <y < x ;
- et 'indice z est un nombre satisfaisant l'inégalité 0 < z < x.

Pile secondaire de type lithium-ion, conforme a la revendication 9, dans laquelle 'anode (a) comprend, en tant que
matiére active, un matériau carboné choisi dans I'ensemble formé par du graphite, des fibres de carbone et du
charbon actif.
Pile secondaire de type lithium-ion, conforme a la revendication 9, dans laquelle la cathode (b) comprend, en tant
que matiére active, un oxyde complexe de lithium et de métal de transition, représenté par la formule chimique 2
suivante :

Formule chimique 2 : Li,MO,

dans laquelle

- M représente I'élément Ni, Co ou Mn ;
- et I'indice x est un nombre satisfaisant l'inégalité 0,05 < x < 1,10.

Pile secondaire de type lithium-ion, conforme a la revendication 9, dans laquelle le composé organo-métallique
indiqué en (c) est contenu en une quantité qui représente de 0,01 a 20 % du poids de I'électrolyte.

13
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